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(54) METHOD FOR COATING PLASTIC BASE MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for coating a plastic base material at a low 
energy cost by which the total coating time is shortened, namely, a backing process is omitted 
once when a cured coating film excellent in adhesiveness and water resistance is formed on the 
surface of the plastic base material. 

SOLUTION: In this method for coating a plastic base material, the plastic material is coated by 
applying a water-soluble primer on the surface of the plastic base material to form a primer 
coating film and by applying and overlapping a coloring paint on the primer coating film to form a 
coloring paint coating film. A coating film forming process in which a clear paint is applied and 
overlapped on the coloring paint coating film, to form a clear paint coating film and a backing 
process in which the primer coating film, coloring paint coating film and clear paint coating film 
are baked at the same time to form a cured coating film on the surface of the plastic base 
material are included in the method for coating the plastic base material. 
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English Translation of Japanese Unexamined Patent 
Publication No. 1998-296171 

[Title of the invention] METHOD FOR COATING PLASTIC BASE 
5 MATERIAL 

[Abstract] 

[Object] To provide a method for coating a 
plastic base material, wherein the total time required for 

10 coating can be shortened, that is, one baking process can 
be omitted, and energy costs can be reduced, in the 
formation of a cured coating film having excellent 
adhesion and water resistance on the surface of the 
plastic base material. 

15 [Method for Achieving the Object] A method for 

coating a plastic base material comprising a coating film 
formation process and a baking process; the coating film 
formation process comprising coating the surface of the 
plastic base material with an aqueous primer to form a 

20 primer coating film, coating the primer coating film with 
a colored coating composition to form a colored coating 
film, and coating the colored coating film with a clear 
coating composition to form a clear coating film; and the 
baking process comprising baking the primer coating film, 

25 colored coating film and clear coating film at the same 
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time to form a cured coating film on the surface of the 
plastic base material. 

[Claims] 

[Claim 1] A method for coating a plastic base 
material comprising a coating film formation process and. a 
baking process; 

the coating film formation process comprising 
coating the surface of the plastic base material with an 
aqueous primer to form a primer coating film, coating the 
primer coating film with a colored coating composition to 
form a colored coating film, and coating the colored 
coating film with a clear coating composition to form a 
clear coating film; and 

the baking process comprising baking the primer 
coating film, colored coating film and clear coating film 
at the same time to form a cured coating film on the 
surface of the plastic base material - 

[Claim 2] The method for coating a plastic base 
material according to claim 1, wherein the colored coating 
composition and/or the clear coating composition are/is 
electrostatically coated. 

[Claim 3] A method for coating a plastic base 
material according to claim 1 or 2, wherein the coating 
films are baked at SO^'C to 140^C for 10 to 120 minutes in 



-3- 

the baking process. 

[Claim 4] A method for coating a plastic base 
material according to any one of claims 1 to 3, wherein 
the aqueous primer comprises, as a principal component, at 
least one emulsion selected from the group consisting of 
acrylic resin emulsions, urethane resin emulsions and . 
polyolefin resin emulsions. 

[Claim 5] A method for coating a plastic base 
material according to any one of claims 1 to 4, wherein 
the clear coating composition is a thermosetting coating 
composition. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Pertains] 

The present invention relates to an improved 
method for coating a plastic base material. 
[0002] 

[Prior Art] 

A coating method called the ^'two-coat one-bake'' 
method is well known, wherein a substrate is coated with a 
colored coating composition and then overcoated with a 
clear coating composition, and the resulting colored 
coating film and clear coating film are baked at the same 
time. This coating method, generally referred to as a 
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'^wet-on-wet" method, is capable of forming a cured coating 
film having excellent finished appearance, weatherability, 
etc. as well as good adhesion and water resistance. In 
addition, this method does not require baking coating 
5 films twice, thus making it possible to shorten the 

coating process. Therefore, this coating method is used 
very widely at present. 
[0003] 

When the substrate is a plastic material, a 

10 primer needs to be coated before overcoat compositions 
such as colored coating composition, clear coating 
composition and the like, in order to improve adhesion to 
the plastic substrate. Primers that have been used so far 
are solvent-based. When coating a plastic material with a 

15 solvent-based primer, it is necessary to bake the 

resulting primer coating film before forming a colored 
coating film. In the case of solvent-based primers, it is 
difficult to form a colored coating film on a primer 
coating film and bake the films together. One of the 

20 reasons is that since widely used colored coating 

compositions are solvent-based, the solvent-containing 
primer coating film, when not previously baked, mixes with 
a solvent-based colored coating film. Consequently, the 
boundary between the films disappears, making it 

25 impossible to achieve the intended improvements in 
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finished appearance, adhesion, and the like. Another 
reason is that colored coating compositions, which are 
usually electrostatically coated in order to increase 
coating efficiency, cannot be electrostatically coated 
5 onto a solvent-containing primer coating film. The 

solvent is insulative, preventing the plastic substrate to 
be coated from being sufficiently conductive for 
electrostatic coating. 
[0004] 

10 As mentioned above, coating a plastic base 

material has so far required two baking processes. 
However, the heat resistance of plastic materials is so 
low that heat deformation tends to occur when baking them. 
To prevent heat deformation, it is necessary to carry out 

15 baking at medium to low temperature (not higher than 

14 0'*C) and for a long time. The heat capacity of plastic 
materials is larger than that of metal materials such as 
steel plates or the like, and consequently a large amount 
of thermal energy is required for baking the plastic 

20 materials even at medium to low temperature. Therefore, 

it is strongly desired that the energy cost for baking be 
reduced. 

[0005] 

[Problem to be Solved by the Invention] 
25 An object of the present invention is to provide 
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a method for coating a plastic base material, wherein the 
total time required for coating can be shortened, that is, 
one baking process can be omitted, and energy costs can be 
reduced, in the formation of a cured coating film having 
5 excellent adhesion and water resistance on the surface of 
the plastic base material. 
[0006] 

[Means for Solving the Problem] 

In order to solve the above-mentioned problems, 

10 the present inventors carried out various experiments. As 
a result, it was found that when an aqueous primer is used 
instead of a solvent-based primer, the aqueous primer does 
not mix with solvent-based colored coating compositions, 
and that the aqueous primer, which has high electrical 

15 conductivity, can provide a plastic substrate with 

electrical conductivity, without baking the primer coating 
film. Based on these findings, which offered the 
promising prospect of baking a primer coating film and a 
colored coating film at the same time, the present 

20 invention was accomplished. 

[0007] 

The present invention provides a method for 
coating a plastic base material comprising a coating film 
formation process and a baking process; 
25 the coating film formation process comprising 
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coating the surface of the plastic base material with an 
aqueous primer to form a primer coating film, coating the 
primer coating film with a colored coating composition to 
form a colored coating film, and coating the colored 
5 coating film with a clear coating composition to form a 
clear coating film; and 

the baking process comprising baking the primer 
coating film, colored coating film and clear coating film 
at the same time to form a cured coating film on the 
10 surface of the plastic base material. 

[0008] 

[Mode for Carrying out the Invention] 

The method for coating a plastic base material 
of the present invention comprises a coating film 
15 formation process and a baking process. The coating 
method of the invention is described below in detail. 
Coating film formation process 

The coating film formation process is a process 
of coating the surface of a plastic base material with an 
20 aqueous primer, colored coating composition and clear 

coating composition in that order to form three coating 
films containing the coating compositions on the surface 
of the plastic base material. 
[0009] 

. 25 A detailed description is given hereinafter of 
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the plastic base material, aqueous primer, colored coating 
composition and clear coating composition as used in the 
coating film formation process. The plastic base material 
used in the present invention is not restricted. Examples 
5 thereof include polyolefins such as polyethylene, 
polypropylene and the like, polystyrene, ABS, vinyl 
chloride, polycarbonates, polyacetals, polyesters, 
polyamides, polyurethanes, PPO, polymethyl methacrylate, 
epoxy resins, phenolic resins, melamine resins, etc, 

10 [0010] 

The aqueous primer used in the present invention 
is directly applied to the surface of a plastic base 
material, before coating with a colored coating 
composition and a clear coating composition. The aqueous 

15 primer comprises a primer resin and water as principal 

components, with pigment, etc. being optionally used. The 
primer resin adheres a cured coating film (described 
later) to the plastic base material, improving the water 
resistance, solvent resistance, etc. of the cured coating 

20 film, and is contained in the aqueous primer in the form 
of an emulsion and/or water-soluble resin composition. 
[0011] 

The above-mentioned emulsion is obtained by 
dispersing a primer resin into particles in a water medium 
25 and stabilizing the surfaces of the particles with an 



-9- 

emulsifier, surfactant, dispersing agent, etc. Examples 
of the emulsion include acrylic resin emulsions, wherein 
acrylic resin is used as the primer resin, polyester resin 
emulsions, polyurethane resin emulsions, polyolefin resin 
5 emulsions, epoxy resin emulsions, amino resin emulsions, 
and the like, wherein the respective resins are used as 
the primer resin. These emulsions may be used singly or 
in combination of two or more, and if necessary, may 
contain modified resins obtained by modifying the above 

10 resins in order to improve coating film properties. It is 
especially preferable that the emulsion be at least one 
emulsion selected from the group consisting of acrylic 
resin emulsions, polyurethane resin emulsions and 
polyolefin resin emulsions, because adhesion between the 

15 cured coating film of the primer and the plastic base 
material is thereby further improved. 
[0012] 

The above water-soluble resin composition is a 
composition containing as the primer resin, a water- 

20 soluble resin that has a polar functional group such as a 
carboxyl group, hydroxyl group, amino group, ether group, 
or the like, the hydrophilic properties of the group 
making the resin soluble in a water medium. Examples of 
the primer resin used for the water-soluble resin 

25 composition include a water-soluble resin having a basic 
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structure of an acrylic resin, polyester resin, 
polyurethane resin, amino resin, vinyl resin, cellulose 
resin, or the like. These resins may be used singly or in 
combination of two or more. It is especially preferable 
5 that the primer resin in the water-soluble resin 

composition be a water-soluble resin having the basic 
structure of at least one resin selected from the group 
consisting of acrylic resins, polyester resins, 
polyurethane resins and amino resins, because adhesion to 
10 the plastic base material can be thereby further improved. 

[0013] 

The amount of the emulsion and water-soluble 
resin composition in the aqueous primer is not restricted. 
When the aqueous primer is thermoplastic, the use of an 

15 . emulsion as a principal component is preferable because it 
accelerates the evaporation of water, promoting the drying 
of the primer, and reduces the mixture of the primer with 
a colored coating composition, so that the coating films 
can easily achieve desirable properties in appearance, 

20 adhesion, water resistance, etc. It is more preferable to 
use the emulsion alone. When the aqueous primer is 
thermosetting, the use of an emulsion as a principal 
component is not necessarily required in order to impart 
adhesion, water resistance and other properties to coating 

25 films. An emulsion may be optionally used, or a water- 
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soluble resin and a curing agent may be used alone. 
However, in the case of a thermosetting aqueous primer, 
baking temperature and time are important factors after 
coating with a colored coating composition and a clear 
5 coating composition. That is, it is necessary to set the 
baking conditions for adequate curing of the aqueous 
primer. Because the curing pro^perties of a primer coating 
film differ from those of a colored coating film and a 
clear coating film, excessive baking may result in 
10 deterioration of appearance, adhesion or the like. 

[0014] 

The emulsion and/or water-soluble resin 
composition may be a thermosetting one further comprising 
a curing agent such as an amino resin, isocyanate resin, 

15 oxazoline resin, hydrazine compound or the like. The 

aqueous primer comprises water as a principal component, 
and the ratio of water to the total aqueous primer is 
preferably 50 to 90 wt.%, and more preferably 50 to 80 
wt.%. When the ratio of water is less than 50 wt.%, the 

20 viscosity of the primer is increased, thus lowering 

storage stability, coating workability or the like. When 
the ratio of water is more than 90 wt.%, the effective 
solid content of the aqueous primer is decreased, so that 
coating efficiency is lowered, and appearance defects such 

25 as sagging, foaming and the like tend to occur. The 



-12- 

aqueous primer may further contain an organic solvent, and 
the amount thereof is usually 40 wt.% or less, relative to 
the weight of water in the aqueous primer, 
[0015] 

5 Examples of the organic solvent include aromatic 

hydrocarbon solvents such as toluene, xylene and the like; 
aliphatic hydrocarbon solvents such as hexane, heptane, 
octane and the like; alicyclic hydrocarbon solvents such 
as cyclohexane, methylcyclohexane, cyclopentane and the 

10 like; ester solvents such as ethyl acetate, n-butyl 

acetate, isobutyl acetate, amyl acetate and the like; 
ether solvents such as n-butyl ether, isobutyl ether and 
. the like; ketone solvents such as acetone, methyl ethyl 
ketone, methyl isobutyl ketone, cyclohexanone and the 

15 like; alcohol solvents such as methanol, ethanol, 

isopropanol, n-butanol, 2-butanol, n-propylene glycol, 
isopropylene glycol and the like; cellosolve solvents such 
as ethylene glycol monomethyl ether, ethylene glycol 
monbbutyl ether, ethylene glycol monoethyl ether acetate 

20 and the. like; carbitol solvents such as diethylene glycol 
monoethyl ether and the like; propylene glycol alkyl ether 
solvents such as propylene glycol monomethyl ether, 
propylene glycol monoethyl ether, propylene glycol 
monobutyl ether and the like; and other solvents such as 

25 dioxane, N-methyl pyrrolidone, dimethyl formamide. 
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diacetone alcohol, etc. 
[0016] 

Examples of the pigment usable for the aqueous 
primer include inorganic pigments such as carbon black, 
5 titanium oxides, iron oxides, chromium oxides, iron blue 
and the like; and organic pigments such as azo pigments, 
anthraquinone pigments, perylene pigments, quinacridone 
pigments, indigo pigments, phthalocyanine pigments and the 
like. These pigments may be used singly or in combination 

10 of two or more. If necessary, the aqueous primer may 

contain known auxiliary agents. Examples of the auxiliary 
agents include agents used to provide electrical 
conductivity, such as electrically conductive carbon, 
electrically conductive fillers, metal powders and the 

15 like; inorganic fillers; organic modifiers; stabilizers; 

plasticizers; additives; and so on. Especially preferable 
are aqueous primers containing agents used to provide 
electrical conductivity, because the primer coating film 
can be provided with electrical conductivity, irrespective 

20 of the water content of the film obtained from the aqueous 
primer, so that electrostatic coating with a colored 
coating composition and/or a clear coating composition can 
be easily carried out. 
[0017] 

25 The colored coating composition used in the 
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present invention is coated onto a primer coating film 
obtained from an aqueous primer, without curing the primer 
film by baking, to form a colored coating film. The 
colored coating composition is used prior to a clear 
5 coating composition. The colored coating composition may 
be a solvent-based colored coating composition or may be 
an aqueous colored coating composition. In view of recent 
environmental issues, however, the aqueous colored coating 
composition is preferable. 

10 .[0018] 

Examples of the resins usable for the solvent- 
based colored coating composition include acrylic resins, 
polyester resins, polyurethane resins, epoxy resins, amino 
resins, vinyl resins, cellulose resins and the like. 

15 These resins may be used singly or in combination of two 

or more. The solvent-based colored coating composition may 
further contain a curing agent to be reacted with the 
solvent-based colored coating composition resins for 
crosslinking them. Examples of the curing agent include 

20 melamine. resins, isocyanate resins, epoxy resins, 

oxazoline resins and the like. These resins may be used 
singly or in combination of two or more. 
[0019]. 

Examples of the resins usable for the aqueous 
25 colored coating composition include acrylic resins. 
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polyester resins, polyurethane resins, epoxy resins, amino 
resins, vinyl resins, cellulose resins and the like. 
These resins may be used singly or in combination of two 
or more. The aqueous colored coating composition resins 
5 are usually contained in the coating composition in the 

form of an emulsion and/or water-soluble resin composition. 
The aqueous colored coating composition may further 
contain a curing agent, as in the case of the solvent- 
based colored coating composition. 

10 [0020] 

The colored coating composition usually contains 
a metallic pigment, coloring pigment or the like. 
Examples of the metallic pigment include aluminum flakes, 
copper bronze flakes, micaceous iron oxides, mica flakes, 

15 metal oxide-coated micaceous iron oxides, metal oxide- 
coated mica flakes, and the like. These metallic pigments 
may be used singly or in combination of two or more. 
Examples of the coloring pigment include inorganic 
pigments such as titanium dioxides, iron oxides, chromium 

20 oxides, lead chromates, carbon black, etc.; organic 

pigments such as phthalocyanine blue, phthalocyanine green, 
carbazole violet, anthrapyrimidine yellow, flavanthrone 
yellow, indanthrone blue, quinacridone violet, etc.; and 
so on. These coloring pigments may be used singly or in 

25 combination of two or more. 
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If necessary, the colored coating composition 
may contain known auxiliary agents. Examples of the 
auxiliary agents include inorganic fillers, organic 
modifiers, stabilizers, plasticizers, additives and so on. 
The clear coating composition used in the present 
invention is coated onto a colored coating film without 
curing the colored coating film by baking to form a clear 
coating film, which is the top layer of the three-layer 
coating film. The clear coating composition provides a 
cured coating film with excellent properties in 
weatherability, .solvent resistance and the like. 

[0022] 

Examples of the resins usable for the clear 
coating composition include alkyd resins, polyester resins 
acrylic resins, silicone-modif ied resins, fluorine resins, 
urethane resins, and the like. These resins may be used 
singly or in combination of two or more. When the clear 
coating composition is a thermosetting one further 
comprising at least one curing agent selected from the 
group consisting of melamine-f ormaldehyde resins, 
isocyanate resins, epoxy resins and oxazoline resins, the 
coating film can be provided with excellent properties, 
and the solid content of the clear coating composition can 
be increased, thus reducing the amount of solvent in the 
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clear coating composition. 
[0023] 

If necessary, the clear coating composition may 
contain known auxiliary agents. Examples of the auxiliary 
5 agents include organic modifiers, stabilizers, additives 
and so on. Next, operations in the step of forming 
coating films are described below in detail. The coating 
film formation process can be further subdivided into a 
step of forming an aqueous primer coating film, a step of 
10 forming a colored coating film, and a step of forming a 
clear coating film. 

[0024] 

Firstly, the step of forming an aqueous primer 
coating film is to prepare a plastic base material and 

15 coat its surface with an aqueous primer to form an aqueous 
primer coating film. If necessary, the plastic base 
material may be washed and degreased before coating with 
the aqueous primer. The aqueous primer can be applied by 
coating methods such as spray coating, brushing, roll 

20 coating, flow coating or the like. The amount of aqueous 
primer to be applied (coating film thickness when dried) 
is not limited, with 2 to 30 ]im being preferable for 
enhancing adhesion, water resistance, solvent resistance, 
and the like. 

25 [0025] 
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In the step of forming an aqueous primer coating 
film, the obtained aqueous primer coating film is not 
subjected to curing by baking, and is left as it is. The 
aqueous primer coating film is subsequently coated with a 
5 colored coating composition in the step of forming a 

colored coating film. In order to secure the smoothness 
of the primer coating film and to promote defoaming, the 
primer coating film may be dried under the conditions of 
room temperature or warm air for 1 to 20 minutes, which 
10 process is preferable for improving the finished 

appearance of a cured coating film formed on the surface 
of the plastic base material. 

[0026] 

Secondly, the step of forming a colored coating 
15 film is to coat the primer coating film obtained in the 
primer film formation step with a colored coating 
composition to form a colored coating film. The colored 
coating composition is usually coated onto the primer 
coating film surface with an air spray or an airless spray 
20 to obtain an improved finished appearance and excellent 
aesthetic properties. 
[0027] 

The primer coating film contains water and has a 
certain level of electrical conductivity even when the 
25 aqueous primer does not contain any conductive materials. 
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Therefore, the colored coating composition can be coated 
onto the primer coating film with an electrostatic spray 
by adjusting the water content of the primer coating film, 
this process being preferable for further reducing energy 
5 costs and preventing environmental pollution. When 

coating with a colored coating composition is carried put 
using an electrostatic spray, it is preferable that the 
aqueous primer contain conductive materials in order to 
impart conductivity to the primer coating film with 

10 greater certainty. The amount of colored coating 

composition to be applied (coating film thickness when 
dried) is not limited, with 10 to 50 \im being preferable 
for enhancing coloring properties (hiding power) , solvent 
resistance, and the like. 

15 [0028] 

In the step of forming a colored coating film, 
the resultant colored coating film and the primer coating 
film obtained in the aqueous primer film formation step 
are not subjected to curing by baking, and are left as 

20 they are. The colored coating film is coated with a clear 
coating composition in the subsequent step of forming a 
clear coating film. In order to secure the smoothness of 
the colored coating film, promote defoaming, and orient 
any metallic pigment used, the colored coating film may be 

25 dried under the conditions of room temperature or warm air 
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for 1 to 20 minutes, this process being preferable for 
improving the finished appearance of the cured coating 
film formed on the surface of the plastic base material, 
[0029] 

5 Lastly, the step of forming a clear coating film 

is to coat the colored coating film obtained in the 
colored film formation step with a clear coating 
composition to form a clear coating film. The clear 
coating composition is usually applied to the colored 

10 coating film surface with an air spray or an airless spray, 
and also can be applied preferably with an electrostatic 
spray to further reduce energy costs and to prevent 
environmental pollution. The amount of clear coating 
composition to be applied (coating film thickness when 

15 dried) is not limited, with 15 to 70 ym being preferable 
for improving finished appearance, water resistance, 
solvent resistance, weatherability, and the like. 
[0030] 

In the above-mentioned manner, the surface of a 
20 plastic base material is coated with an aqueous primer, 

colored coating composition and clear coating composition 
in that order to form three coating films containing the 
coating compositions on the surface of the plastic base 
. material, followed by the next process of baking the 
25 coating films. In the selection of the aqueous primer. 
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colored coating composition and clear coating composition, 
it is necessary to select a coating composition that can 
be adequately cured and dried in the baking step. When 
the coating films are not adequately dried, with water or 
5 solvent remaining in the cured coating films, the cured 

coating films tend to deteriorate in weatherability, water 
resistance, solvent resistance, and the like. When the 
clear coating composition is thermosetting, it is 
necessary to select an aqueous primer and a colored 

10 coating composition that do not inhibit the curing 

reaction. Examples of the usable combinations of coating 
compositions include a lacquer aqueous primer/two-pack 
thermosetting solvent-based colored coating 
composition/two-pack thermosetting solvent-based clear 

15 coating composition, a lacquer aqueous primer/lacquer 

aqueous colored coating composition/two-pack thermosetting 
solvent-based clear coating composition, etc. 
Baking process 

The baking process is a process of baking at the 

20 same time the coating films of the primer, colored coating 
composition and clear coating composition obtained in the 
foregoing coating film formation process to form a three- 
layer cured coating film composed of the cured coating 
films of the primer, colored coating composition and clear 

25 coating composition on the surface of the plastic base 
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material . 

[0031] 

The baking conditions are not restricted as long 
as the plastic base material is not thermally deformed and 
5 excellent coating film properties can be obtained by the 
selected temperature and period of time. The baking 
temperature is usually SO'^C to 140''C (low to medium 
temperature)^ and preferably lO^'C to 130°C. When the 
baking temperature is less than 50°C, the evaporation of 

10 water and solvents contained in the aqueous primer and 

colored coating composition is slowed down, so that baking 
takes a long time, and the clear coating film is not 
adequately cured, lowering the weatherability, water 
resistance, solvent resistance, and the like of the 

15 resulting film. When the baking temperature is higher 

than 140°C, bumping of water and solvents in the aqueous 
primer and colored coating composition occurs, and defects 
such as foaming, cratering and the like appear on the 
cured clear coating film. The evaporation of water and 

20 solvents and the curing of the coating films cause an 

intense shrinkage of the films, increasing the internal 
stress of the films, so that peeling or the like arises 
between the layers of the cured coating films, decreasing 
adhesion . 

25 [0032] 
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The baking time is usually 10 to 120 minutes, 
preferably 15 to 60 minutes, and more preferably 20 to 4 0 
minutes. When the baking time is less than 10 minutes, 
the evaporation of water and solvents contained in the 
5 coating compositions is inadequate, thus lowering the 

weatherability, water resistance, solvent resistance and 
the like of the resulting cured film. When the baking 
time is more than 120 minutes, the coating films are 
excessively cured, decreasing adhesion etc., and the total 
10 time required for coating is prolonged, increasing energy 
costs. 

[0033] 

Heaters usable for baking the coating films at 
the same time include drying ovens and the like that use 

15 heat sources such as hot air, electricity, gas, infrared 
rays, etc. It is preferable to use a drying oven using 
two or more of these heat sources in combination, because 
the drying time can be shortened. The three-layer cured 
coating film thus formed has excellent adhesion between 

20 the film layers and between the cured primer coating film 
and the plastic base material, and excellent water 
resistance. In this method of coating, the three-layer 
coating film can be converted into a cured coating film by 
a single baking, so that the total time required for 

25 coating can be shortened, and the energy costs can be 
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reduced. 

[0034] 

[Examples] 

The present invention is described in further 
5 detail with reference to the following Examples, 

Production Examples and Comparative Examples. In these 
examples, parts and percentages are expressed on a weight 
basis. 

Production Example 1 

10 Production of aqueous primer 

After 38 parts of water-soluble urethane resin 
(product of Sanyo Chemical Industries, Ltd., NV: 35%), 3 
parts of carbon black, 27 parts of titanium oxide, 1 part 
of antifoaming agent, and 4 parts of butyl cellosolve were 

15 mixed, a pigment paste was obtained using a sand grinder 
mill . 

[0035] 

To 50 parts of the pigment paste were added 140 
parts of acrylic resin-modified chlorinated polypropylene 

20 emulsion (NV: 30%) disclosed in Japanese Unexamined Patent 
Publication No. 1995-26088 and 20 parts of acrylic resin 
emulsion (product of Nippon Bee Chemical Co., Ltd., NV: 
28%) . Thereafter, 2 parts of surface modifier and 1 part 
of thickening agent were added to the mixture, giving an 

25 aqueous primer. 



-25- 

Production Example 2 

Production of aqueous colored coating composition A 

One hundred and seventy parts of water-soluble 
acrylic resin (product of Nippon Paint Co,, Ltd., NV: 23%, 
5 resin acid value: 55 KOHmg/gj and 15 parts of aluminum 
paste (product of Toyo Aluminium K.K., NV: 55%) were 
thoroughly mixed with stirring. Subsequently, to the 
mixture were added 85 parts of acrylic resin emulsion 
(product of Zeon Corporation, NV: 35%), 15 parts of Cymel 

10 235 (product of Mitsui-Cyanamid, Ltd., NV: 100%), 1 part 
of thickening agent, and 0.4 part of a butyl cellosolve 
solution of dodecylbenzene sulfonic acid, giving aqueous 
colored coating composition A, 
Production Example 3 

15 Production of aqueous colored coating composition B 

After mixing 130 parts of water-soluble acrylic 
resin (product of Nippon Paint Co., Ltd., NV: 23%, resin 
acid value: 55 KOHmg/g) , 70 parts of TIPAQUE CR-97 
(product of Ishihara Sangyo Kaisha, Ltd.) and 35 parts of 

20 deionized. water, the pigment was dispersed using a Dyno- . 
Mill to obtain a white pigment paste. Subsequently, 85 
parts of acrylic resin emulsion (product of Zeon 
Corporation, NV: 35%), 55 parts of urethane resin emulsion 
(product of Zeneca, Ltd., NV: 34%), and 0.5 part of 

25 thickening agent were added to the mixture, giving aqueous 
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colored coating composition B. 
Example 1 

(lacquer aqueous primer/one-pack thermosetting solvent- 
based colored coating composition/one-pack thermosetting 
5 solvent-based clear coating composition) 

A polypropylene material steam-cleaned with 
trichloroethane was coated with the aqueous primer 
obtained in Production Example 1, to a coating thickness 
of 10 pm (when dried) . Thereafter, the coated plate was 

10 left to stand at 40®C for 10 minutes, and was subsequently 
coated with a solvent-based colored coating composition 
(^'R-331'% product of Nippon Bee Chemical Co., Ltd.) to a 
coating thickness of 15 jjm (when dried) . Without drying, 
the coated plate was immediately coated with a solvent- 

15 based clear coating composition (^'R-343'', product of 

Nippon Bee Chemical Co., Ltd.) to a coating thickness of 
35 pm (when dried). The coated plate was left to stand at 
room temperature for 5 minutes, and was subsequently cured 

by drying at 120'*C for 35 minutes, giving a final coated 
20 plate (Al) . 
Example 2 

(lacquer aqueous primer/one-pack thermosetting aqueous 
colored coating composition/one-pack thermosetting 
solvent-based clear coating composition) 
25 A polypropylene material thoroughly washed with 
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a neutral detergent was coated with the aqueous primer 
obtained in Production Example 1, to a coating thickness 
of 10 ]im (when dried) . Thereafter, the coated plate was 
left to stand at room temperature for 10 minutes, and was 
5 subsequently coated with the aqueous colored coating 
composition A obtained in Production Example 2, to a 
coating thickness of 15 ym (when dried) . Without drying, 
the coated plate was immediately coated with a solvent- 
based clear coating composition ('^R-343'', product of 
10 Nippon Bee Chemical Co., Ltd.) to a coating thickness of 

35 lam (when dried) . The coated plate was left to stand at 
room temperature for 5 minutes, and was subsequently cured 

by drying at 120°C for 35 minutes^ giving a final coated 
plate (A2) . 

15 Example 3 

(lacquer aqueous primer /one-pack thermosetting aqueous 
colored coating composition/one-pack thermosetting 
solvent-based clear coating composition) 

A polypropylene material thoroughly washed with 

20 a neutral detergent was coated with the aqueous primer 

obtained in Production Example 1, to a coating thickness 
of 10 ym (when dried) . Thereafter, the coated plate was 
left to stand at room temperature for 10 minutes, and was 
subsequently coated with the aqueous colored coating 

25 composition A obtained in Production Example 2, to a 
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coating thickness of 15 pm (when dried) . After drying 
under the conditions of warm air at 80^C for 2 minutes, 
the coated plate was immediately coated with a solvent- 
based clear coating composition product of 
5 Nippon Bee Chemical Co., Ltd.) to a coating thickness of 
35 \im (when dried) . The coated plate was left to stand at 
room temperature for 5 minutes, and was subsequently cured 

by drying at 120*'C for 35 minutes, giving a final coated 
plate (A3) . 
10 Example 4 

(lacquer aqueous primer/lacquer aqueous colored coating 
. composition/two-pack thermosetting solvent-based clear 
coating composition) 

A polypropylene material thoroughly washed with 

15 a neutral detergent was coated with the aqueous primer 

obtained in Production Example 1, to a coating thickness 
of 10 lam (when dried) . Thereafter, the coated plate was 
left to stand at room temperature for 10 minutes, and was 
subsequently coated with the aqueous colored coating 

20 composition B obtained in Production Example 3, to a 

coating thickness of 20 \im (when dried) . Without drying, 
the coated plate was immediately coated with a solvent-* 
based clear coating composition (''R-288'', product of 
Nippon Bee Chemical Co., Ltd.) to a coating thickness of 

25 35 \im (when dried) . The coated plate was left to stand at 
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room temperature for 5 minutes, and was subsequently cured 

by drying at 80°C for 30 minutes, giving a final coated 
plate (A4) . 
Example 5 

5 (lacquer aqueous primer /two-pack thermosetting solvent- 
based colored coating composition/two-pack thermosetting 
solvent-based clear coating composition) 

A polypropylene material thoroughly washed with 
a neutral detergent was coated with the aqueous primer 

10 obtained in Production Example 1, to a coating thickness 
of 10 Jim (when dried) • Thereafter, the coated plate was 
left to stand at room temperature for 10 minutes, and was 
subsequently coated with a solvent-based colored coating 
composition (''R-212'', product of Nippon Bee Chemical Co., 

15 Ltd.) to a coating thickness of 15 \im (when, dried) , 

Without drying, the coated plate was immediately coated 
with a solvent-based clear coating composition (''R-288'', 
product of Nippon Bee Chemical Co., Ltd.) to a coating 
thickness of 35 ]xm (when dried) . The coated plate was 

20 left to stand at room temperature for 5 minutes, and was 
subsequently. cured by drying at 80°C for 30 minutes, 
giving a final coated plate (A5) . 
Example 6 

(lacquer aqueous primer /two-pack thermosetting solvent- 
25 based. colored coating composition/two-pack thermosetting 
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solvent-based clear coating composition) 

A polypropylene material thoroughly washed with 
a neutral detergent was coated with the aqueous primer 
obtained in Production Example 1, to a coating thickness 
5 of 10 ijm (when dried) . Thereafter, the coated plate was 
left to stand at room temperature for 10 minutes, and was 
electrostatically coated with a solvent-based colored 
coating composition (''R-212", product of Nippon Bee 
Chemical Co., Ltd., electrical resistance of coating 

10 composition: 0.3 MQ) to a coating thickness of 15 jam 
(when dried) , using a bell-type electrostatic coating 
machine (product of Ransburg, applied voltage: 50 KV) . 
The coated plate was left to stand at room temperature for 
10 minutes, and was electrostatically coated with a 

15 solvent-based clear coating composition (^'R-288'', product 
of Nippon Bee Chemical Co., Ltd., electrical resistance of 
coating composition: 0.3 MQ) to a coating thickness of 35 
jjiri (when dried) , using the above-mentioned electrostatic 
coating machine (applied voltage: 50 KV) . The coated 

20 plate was left to stand at room temperature for 5 minutes, 
and was subsequently cured by drying at SO^'C for 30 
minutes, giving a final coated plate (A6) . 
Comparative Example 1 

A polypropylene material thoroughly washed with 

25 a neutral detergent was coated with the aqueous primer 



obtained in Production Example 1, to a coating thickness 
of 10 pm (when dried) . Thereafter, the coated plate was 
left to stand at room temperature for 5 minutes, 

subsequently dried at 80°C for 45 minutes, and was coated 
with the aqueous colored coating composition obtained in 
Production Example 3, to a coating thickness of 20 jam 
(when dried) . The coated plate was left to stand at room 

temperature for 5 minutes, subsequently dried at 80®C for 
30 minutes, and was coated with a solvent-based clear 
coating composition (^'R-288", product of Nippon Bee 
Chemical Co., Ltd.) to a coating thickness of 35 ]xm (when 
dried) . The resulting coated plate was then left to stand 
at room temperature for 5 minutes, and was cured by drying 

at 80®C for 30 minutes, giving a final coated plate (Bl) . 
[0036] 

After leaving the final coated plates (Al) to 
(A6) and (Bl) produced in Examples 1 to 6 and Comparative 
Example 1 for 1 day, the properties of the resulting cured 
coating films were evaluated according to the following 
test methods. The test results are shown in Table 1. 
Test Methods 

Appearance: The cured coating films were 
visually checked for foaming, cissing, unevenness, etc. 

[0037] 

Adhesion: The final coated plates underwent a 
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cross-cut adhesion test as defined in JIS K5400. 

Water resistance: After the final coated plates 
were immersed in warm water at 4 0*^0 for 24 0 hours and 
subsequently dried at room temperature for 1 day, the 
5 coating films were visually checked for blistering 

(blistering of the coating films caused by penetration of 
water) as defined in ASTM D714, and underwent a cross-cut 
adhesion test. In the test results shown in Table 1, the 
denominator "'100'' indicates the number of cross-cut 
10 squares, and the numerators indicate how many of the 
squares remained in the cross-cut adhesion test, 
[0038] 

Humidity resistance: After the final coated 

plates were left to stand under the conditions of 50*^0 and 
15 95% or higher relative humidity for 240 hours, and 

subsequently dried at room temperature for 1 day, the 
coating films were visually checked for blistering as 
defined in ASTM D714, and underwent a cross-cut adhesion 
test. The test results are shown in Table 1, as in the 
20 case of water resistance. 

Gasoline resistance: After the final coated 
plates were immersed in gasoline at 20°C for 60 minutes, 
the coating films were visually checked for peeling and 
blistering . 
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[0040] 

[Effect of the Invention] 

The method for coating a plastic base material 
according to the present invention can shorten the total 
time required for coating and reduce energy costs in the 
formation of a cured coating film on the surface of the 
plastic base material. Further, the obtained cured 
coating film has excellent adhesion between the film 
layers and between the cured primer coating film and the 
plastic base material, and excellent water resistance. 
Furthermore, because an aqueous primer is used, 
environmental pollution can be prevented. 



